ABSTRACT

Opportunities for subsurface storage of CO, in Arizona may be classified
with respect to regional geologic conditions in the Colorado Platcau Geologic
Province and Basin and Range Geologic Province. The northwest trending
mountainous area of the Central Highlands transition zone occurs between the two
provinces and has little potential for geologic storage.

The Colorado Platcau in northeast hall of the state is underlain by a thick
sequence of nearly flat-lying sedimentary strata with multiple potential reservoirs
in lhe Palcozoic scclion that may be suilable for CO, storage. The storage
reservoirs are at depths ranging from approximately 3,000 to 7,500 feet and capped
by thick and regionally-extensive shale confining beds. The Colorado Platean
offers significant potential for geologic sequestration of CO, although hydrologic
conditions and water quality is poorly known in all but the uppermost aquifer.

The Basin and Range province in the southwest half of the state consists of
broad desert basing bounded by mountain blocks. The basins have been filled to
depths of 5,000 feet or more with materials eroded from the mountain blocks,
Although select basins may have favorable characteristics for geologic storage of
CO,, the overall potential is limited.

Arizona-based utilities that operate lour large coal-lired power plants in
northeastern Arizona are sponsoring a pilot project to evaluate CO, injection and
storage in the Colorado Plateau region with West Coast Regional Carbon
Scquestration  Partnership (WESTCARB).  Based on screening ol regional
geologic and hydrologic conditions and considerations of land access and

v, 4 site at or in the vicinity of the Cholla Power Plant near Joseph City,
selected for a future demonstration project. This paper presents the
findings of a preliminary evaluation of the potential for geological storage of CO,
in Arizona and siting studies for the Arizona pilot project.
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SITE SELECTION FOR ARIZONA DEMONSTRATION PROJECT

Based on the screening and evaluation of potential CO2 storage sites
in the Colorado Plateau region of northeast Arizona and consideration of
WESTCARB project objectives, the Cholla Area (see Figure 2) was
prioritized for potential consideration for the Arizona demonstration project.
Two important factors were pivotal in selecting the Cholla Area for further
consideration.  First, the Cholla Area is the most favorable area in the
Colorado Plateau under consideration in lands outside of the Navajo Nartion
and Hopi Indian reservation. il and gas test wells drilled in this area
indicate that most of the Cholla Area appears favorable for supercritical
carbon dioxide storage, whereas areas to the east in the vicinity of the Salt
River Project (SRP) Coronado Generating Station are less favorable. Efforts
undertaken by SRP and WESTCARB to engage the Navajo Nation to
participate in the Arizona demonstration project indicated timely
implementation of the pilot project on lands of the Navajo or Hopi Indian
Tribes would be problematic.

A second key factor supporting pilot project implementation in the
Cholla Areca was based on water quality of the regional aquifer in the
Coconino/De Chelly Sandstone. As shown in Figure 3, groundwater wells
penetrating the regional aquifer indicate an extensive area of poor quality
groundwater exists just north of and roughly parallel to the Lirtle Colorado
River in this region. Total dissolved solids in groundwater range from
approximately 20,000 to 70,000 milligrams per liter in this area due to the
presence of evaporative salts in the underlying Supai Formation. Although
there is little data to interpret water quality of deeper groundwater systems,
the highly saline conditions present in the uppermost aquifer in the northern
Cholla Area give reason to believe that underlying groundwater in potential
CO; reservoirs will be saline.

Most of the Cholla Area appears favorable for supercritical
carbon dioxide storage but this discussion will focus on two sites shown on
Figure 4. Site One is in the northeast part of Arizona Public Service {APS)
property at the Cholla Power Plant. Site Two is about 15 miles northwest of
the Cholla plant, near State Route 87, just south of the Navajo Reservation
boundary, in T20N, R18E, near the Ives Mesa Dome. The sedimentary
section is about 5,000 feet thick at proposed Site Two, and ranges in age
from Cambrian through Triassic. At Site One, near the Cholla Plant, the
sedimentary section is only about 3,800 feet thick, due to the absence of the

Triassic Chinle Formation. Target storage reservoirs throughout the Cholla
Area would be the Pennsylvanian Naco Formation and the Devonian Martin
Formation {primary target). Inferred geology at these sites is shown in
Figure 5.

Discussion of Proposed Demonstration Sites One and Two

Site One would be located on APS property in the vicinity of the
Cholla power plant. This site offers the principal advantage of ease of
implementation in terms of arranging access and permission to conduct the
drilling of pilot well and facilitation of injection test. In addition, review of
geophysical logs indicates that the primary target reservoir, the Martin
Formation may be sandier (more porous and permeable?) at Site One,
because it is nearer the Devonian depositional shoreline.

Site Two would be located in T20N, R18E, perhaps in Section 2, 4, 8,
or 10, which are all state-owned sections. The site would be east of State
Route 87 and south of the Navajo Reservation. This site is suggested
because it offers: (1) relatively thick sections of Martin and Naco
Formations, (2) hydrostatic heads would be relatively large, (3) access to
near the site on paved roads, (4) presence of state-owned land, (5} two
anticlinal structures and, (6) it is relatively distant from communities.

In summary, Site One near the APS power plant has the potential
advantage of fewer injection site ownership and permitting problems, and
the disadvantage of lesser depths to potential storage reservoirs, and smaller
reservoir thickness. Site Two, 15 miles northwest of the power plant, has
the advantages of larger reservoir depths and thicknesses. For both sites,
paved access is available to lands that might be considered for an injection
site. From a technical standpoint, Site Two, near the Ives Mesa Dome, is the
superior location for a pilot injection test.
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Figure 1. Colorado Plateau Regional Study

EXPLANATION

19,300 Water Well with Total Dissolved Solids (TDS)
in milligrams per liter

Potential Geologic Sequestration of CO, EXPLANATION

® Oil and Gas Deep Well (>3,000 foot total depth)

West East

B d in Secti C Oil and Gas Commission Permit Number
end in Section) ' anyon . . L . . . . .
Geologic Unit Age Thickness (feel) Description Remarks ( . . B I a c k M es a C h I n Ie y Flgu re 3 Dlstrlbutlon Q/‘ DS ln . ! APS - Indlan Reservatlon
8,000 Kaibito | De Chelly 8000 . 1 BLM Private
Carmel F'm. Jurassic 65 - 260 Claystone and sandstone Confining bed beneath Black Mesa °
Forest I Other
Navajo S8, Jurassic & 100 = 1,000 Fine 1o med.-grained colian  Potential reservoir beneath Black I Co con ln 0 / De Ch elly San dstone
Triassic sandstone: porosity 25 Mesa but groundwater contains State Trust
30 P 1.000 TDS 7,000 I 7,000
30 <K 5 ) - f— ,
—_— - - — - . 1. I /AA/\-’\ Wepo-Toreva —— . . ° °
Kayenta, Triassic 630 - 820 Mudstone, silistone, and Primarily serve as contining beds in Entrada- P N
e g | Carne Formatens Site Two Figure 4. Land Ownership in Cholla Area
Mocnave 6.000 2 ] 6,000 (near T20N R18W Section 6)
T & I Mancos Shale - e Land Surface 5,500 Feet ASL
Chinle Triassic 330 - 1,300 Primarily bent Excellent confining seal in much of f -
Formation mudstone; soim dstone  NE Arizona ° Sl Siiane > 0
and conglomerate jeumy) b . Formation
—] Kayenta-Moenave - Wingate Formations Morrison — [ . A
Muocnkopi Triassic 1O - 300 Silstone and sandstone Mol considered an elleclive 8 5’000 E L/ tions 5’000 —| Mudstone Ch | nle S Ite o ne
Formation confining seal — “,ada_carmel Formal ne :| Formation
Cogoni Permi 330- 1000 Fi L-grained colian A maj ial ir in muct - 2 Shinle EoTation = dstone chelly sandst® c (near APS Power Plant)
ACOnImno — ermn S0 — | e 1o med SEERCd colin A mgor |N“\:]|l|;| FesCrvomr in much 1 n
DeChelly sandstong of NE Arizona; groundwater U) 4.000 ° Navajo Sa pe 4.000 U 1.000 1,025 Conglomerate Land Surface 511 00 Feet ASL
Sundstones contains =10,000 TDS ’ - —  Moenkopi For jon i — ' . f — 0
of southern Black Mesa area £ W-‘“gate Formaﬂon |T| 1,075 Sl|ty Sandstone/ Moenkopi Formation Sl|ty Sacr;dstone/
> > Gypsum ypsum
.ltlcnml Shale  Permian T0Kh - 330 :’ll::(llnslllr:::b\ll‘lll-l-.::\m, with Confining seal hIII Girand Canyon- > Kaibab Limestone - Coconino Sandstone = [¥s) = 1,415 Sandsione C . S dst Sandsione 340
aone e O 3,000 - ‘nle Formation - 3000 O @ oconino Sandstone
foa) - Chin < 2 1,815 - - 740
< Hermit - Organ Rock Shale ) m 2,000 Fine Sandstone ~ Schnebly Hill Formation  Fine Sandstone >
Permiun 65 - 650 Permeable sandstone with N " — n 2,115 1,040 — 1,000 —
siltstone facies L Esplanade member of Supai Formation < —
QO 2,000 — L 2,000 = Siltstone Siltstone 5
Cedar Mes ’ cont ’ 92, Mudst pm
edlar Mesa D ) ) Co — = udstone . Mudstone cC
mem. af = Lower Supai Formation . o) Gypsum/Anhydrite Halite S
Cutler Fm. —_ —h | m
tehaaTot — @ 2,940 . _
Lower Supai Pennsylvanian 330 - 800 Siltstone, sandstone, and Agts as both confining seal and l: 1 OOO MISSISSIpplan S0 [PRveED e e 1 OOO D % 3,000 2960 Limestone Marker Bed Supai Limestone Marker Bed :II 'ggg vy}
Im. limestone; extensive halite  potential CO, reservoir < ’ -] Tapeats Sandstone and other Cambrain Formations n Ro¢! — s Ko ! . " ] f — 2,000 M
beds in SE Black Mesa org? = LéJ ﬁllltztotne Formation MS|I(§sttone 6
hasin \e¥ udstone udstone
cut -] s
ber of
Mississippi & SO0 — 1,000 Prima mestone and Polential reservoir; nol present in SE Cedar Mesa Sandstone mem L I: 3,600 ) ) . . 2,525 =
Devonian dalomite; c s in part of arca shown on Figures 2 0 — — 0 |: with minor with minor 0
Grand Canyon area and 3 ckS < 4000 Sandstone/Dolomite Sandstone/Dolomite —
Limestone, =
; artl ’ — 3,000 =
,"":,l..':T.ll-I‘l.:r Pre-Cambrian Rocks 4,150 Mudstone ) Mudstone 3,075 @
-1,000 — — -1,000 Limestone Naco Formation Limestone =
Tapeats Cambrian 165 =400 Feldspathic, micaceous Potential CO, reservoir 4.550 an s.one Sandstone
Sandstone sandstone ’ Dolomite . . Dolomite 3,575
Mudstone Martin Formation
4,950 Siltstone Miietone 3,775
-2,000 -2,000 5,000 ’ Pre-Cambrian L 4000
Basement

Table 1. Geologic Reservoirs and Seals

Geologic Cross-Section from Colorado River, Through Black Mesa, to Canyon de Chelly
in Colorado Plateau Province, Arizona

Figure 5. Inferred Geology in Cholla Area




